Targeted gene flow is an emerging conservation strategy that involves translocating individuals with 8 particular traits to places where they are of benefit, thereby increasing a population's evolutionary 9 resilience. While the idea can work in theory, questions remain as to how best to implement it. Here, we 10 vary timing of introduction and size of the introduced cohort to maximise our objective -survival of the 11 recipient population's genome. We demonstrate our approach using the northern quoll, an Australian 12 marsupial predator threatened by the toxic cane toad. We highlight a general trade-o between maintain-13 ing a local genome and reducing population extinction risk, but show that key management levers can 14 optimise this so that 100% of the population's genome is preserved. In our case, any action was better 15 than not acting at all (even with strong outbreeding depression), but the size of the benefit was sensitive 16 to timing and size of the introduction. 17
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Introduction Methods
The model tracks males and females separately. Loci are assumed not linked and so recombination rate 138 between loci is 0.5. Mate choice is random and males can mate with multiple females, but multiple paternity 139 (within a litter) is not allowed. Each o spring from each pair inherits a genotype determined by the fusion of 140 gametes from the sire and dam. In all cases, a gamete is the result of random segregation of the parent's 141 genotype into haploid form.
142
Evolutionary dynamics 143 Each individual expresses a continuous trait, A, determining whether or not the individual will eat a toad 144 (and so die), or not. The trait is determined by the animal's genotype, and also by environmental variation 
The genotype and expected trait value
The animal's genotype consists of a number of diploid, biallelic loci. A subset of these loci, n i are involved in 150 incompatibility and another subset n n were neutral and used to track the recipient genome (see below). The 151 remaining n p loci contribute to the organism's phenotype. Each phenotype-influencing locus has an equal 152 additive e ect on the individual's expected trait value, E(A). Two alleles are possible at each locus, with 153 alleles having an additive e ect size of either 0, or e, where e represents an increment towards being more 154 toad-smart.
155
The e ect size, e is calculated as a function of the environmental variance, and the heritability, and is chosen 156 such that the stated heritability is achieved given the stated environmental variance and number of loci.
157
Under a simple quantitative genetic model,
Under a normal approximation to the binomial distribution, the expected genetic variance is,
wherew 0 is the frequency of alleles with non-zero e ect sizes. Thus, our e ect size can be calculated as:
An individual's genotypic value (its expected phenotype) is then:
where a jk references the allelic value (either 0 or 1) at allele k of locus j. i indexes the individual.
163
The heritability of the trait (h 2 ) was set to 0.2, based on the estimate of behavioural trait heritability given 164 by (Ro 2012). Sensitivity analysis investigating the e ect of h 2 is presented in supplementary material 165 ( Fig. S3 & S4 ). We assume that the population initially has low mean fitness,w 0 , with regard to toads, 166 and that alleles conferring toad-smart behaviour are rare in the population. We setw 0 to be the initial 167 frequency of toad-smart alleles, and this was determined by running toad introduction simulations with the expected return of our management objective (E(Y ): the proportion of the local genome surviving) for each scenario. Therefore, maximum expected return equated to the population with the highest proportion 217 of recipient genome likely to survive the toad invasion (calculated by E(Y ) = r I (1 ≠ p e )). 218 r I , however, underestimates the true proportion of the recipient genome still extant in the population, because 219 the original genome will be scattered across individuals within the population. Therefore, we also calculated 220 r P , the proportion of loci which retained recipient alleles across the population. This gives us the true 221 estimate of recipient genome retention, because it counts alleles even when they are at very low frequency 222 (e.g., represented in only a single individual). While r P is the true proportion of the recipient genome still 223 extant, it will likely decline over time due to loss of rare alleles through drift. Because of this, we ran 224 our optimisation using the more conservative metric, r I , and make a comparison of the two metrics in the 225 supplementary material ( Fig. S2 ).
226
Scenarios 227
All our scenarios begin with an initially poorly adapted quoll population of 1000 individuals -our "recipient 228 population". The recipient population is initiated withw 0 = 0.09 (initial frequency of toad-smart alleles in a 229 toad-naïve population giving observed population extinction rates(EPBC 1999)) and number of loci was set 230 to 30 (n i = 10 relating to incompatibility, n p = 10 relating to the trait and n i = 10 neutral loci). Carrying 231 capacity (K) of breeding females was set to 1000. The recipient population was allowed to grow for 30 years 232 before the environment was changed to simulate the arrival of toads. The arrival of toads was treated as a 233 step change in the environment, happening at the beginning of a generation. This sudden change reflects the 234 reality of toad arrival (Phillips et al. 2007 ).
235
In each scenario we recorded whether the population went extinct or not over 50 years following toad arrival.
236
For populations that survived we also calculated recipient population's genome remaining, and using these 237 measures, calculated the maximum expected return -the population with the highest proportion of recipient 238 genome likely to survive the toad invasion.
239
Targeted gene flow with no outbreeding depression 240
To simulate targeted gene flow we introduced a number of toad-smart quolls to our recipient population 241 prior to reproduction in a specified year. Our "source population" was a toad-smart population, initialized 242 withw 0 = 0.9 (i.e. toad-smart genotype), age = 1, and sex randomly allocated. We ran a number of 243 scenarios to determine the e ect of varying the timing of introduction and the number of introductees. We 244 examined a range of introductee number, from 0-50 individuals (in increments of 5 individuals); and a range Heritability sensitivity analysis 415 We set the heritability of the genes (h 2 ) to 0.2, which was within the range of behavioural trait heritability 416 given by Ro (Ro 2012). Ro specified that behavioural traits could have a heritability of up to 0.3 however, 417 so we conducted a sensitivity analysis to determine the impact of h 2 on population survival. As would be 418 expected, increased heritability lead to an increase in population survival, and vice versa ( Fig. S3 & S4) . The 
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